Introduction
============

Early spontaneous abortion is a common complication in early pregnancy. Abortion before 12 weeks of pregnancy is called early abortion ([@b1-etm-0-0-7477]). Relevant statistics show that the incidence of abortion accounts for 11--16% of all pregnancies, with that of early spontaneous abortion accounting for more than 79% of the total number of abortion ([@b2-etm-0-0-7477]). Reasons for abortion are very complicated, such as virus, infection of protozoa, pregnant women with cervical incompetence, ischemia and hypoxia, abnormal rise in blood sugar, abnormal thyroid function, and unhealthy living habits such as smoking, drug use and drinking ([@b3-etm-0-0-7477]--[@b5-etm-0-0-7477]). Studies have shown that genetic factors, immune factors, embryonic chromosomal abnormalities and endocrine hormone imbalance of pregnant women during pregnancy can affect pregnancy. Immune factors and endocrine hormone imbalance during pregnancy are important causes of early spontaneous abortion, accounting for 48--59% of them ([@b6-etm-0-0-7477]). Hormones during pregnancy such as β-human chorionic gonadotropin (β-HCG), progesterone and estrogen all play important roles in maintaining pregnancy ([@b7-etm-0-0-7477],[@b8-etm-0-0-7477]).

A growing number of studies have found that certain factors can cause changes in the expression of microRNA (miRNA), which affects their regulated target genes, leading to changes in hormone levels ([@b9-etm-0-0-7477]). Studies have found that miR-99a is highly expressed in endometrial cancer tissues, presumably related to abnormal hormone levels, but its specific role in early pregnancy is still unclear ([@b10-etm-0-0-7477]). With the continuous development of cytokine research, scholars believe that TGF-β1, a cytokine with strong immunosuppressive effect that is closely related to pregnancy, can protect the embryo ([@b11-etm-0-0-7477]). In the present study, the expression of TGF-β1 and miR-99a in early spontaneous abortion and the correlation with the levels of serum β-HCG, progesterone and estrogen during pregnancy were investigated.

Patients and methods
====================

### Specimen collection

A total of 70 pregnant women with early spontaneous abortion diagnosed in Jining No. 1 People\'s Hospital (Jining, China) from February 1, 2015 to May 1, 2018 were selected as the study group, with an age range of 22--40 years and an average age of 25.79±7.38 years. Another 83 normal pregnant women who chose abortion in the same period were selected as the control group, with an age range of 22--38 years and an average age of 26.04±5.24 years.

The inclusion and exclusion criteria were: i) Only pregnant women who were admitted to Jining No. 1 People\'s Hospital were included as subjects, without abortion caused by chromosomes, anatomy, endocrine abnormalities, reproductive system infections and autoimmune diseases; ii) In this study, patients with hypertension, hepatitis B virus, gallstone, AIDS and various blood diseases were excluded. The control group excluded pregnant women with abnormal pregnancy history. Subjects signed an informed consent form. This study was approved by the Ethics Committee of Jining No. 1 People\'s Hospital.

### Main reagents and instruments

TGF-β1 ELISA detection kit (Shanghai Guyan Biotechnology Co., Ltd., Shanghai, China), progesterone ELISA detection kit (Qingdao Jieshikang Biotechnology Co., Ltd., Qingdao, China), estrogen ELISA detection kit (Qingdao Jieshikang Biotechnology Co., Ltd.), serum β-HCG ELISA detection kit (Qingdao Jieshikang Biotechnology Co., Ltd.), and enzyme microplate reader (Shanghai Haozhuang Instrument Co., Ltd., Shanghai, China) were used in the study.

RNA extraction reagent TRIzol (Nanjing Kebai Biotechnology Co., Ltd., Nanjing, China), reverse transcription kit (Nanjing Kebai Biotechnology Co., Ltd.), miR-99a PCR kit (Thermo Fisher Scientific Co., Ltd., Shanghai, China), and a fluorescence quantitative PCR instrument (Xian Tianlong Technology Co., Ltd., Xian, China) were used in the study. The primers for miR-99a and its internal reference U6 in the kit are shown in [Table I](#tI-etm-0-0-7477){ref-type="table"}.

Detection methods
-----------------

### ELISA detection of TGF-β1 and levels of serum β-HCG, progesterone and estrogen during pregnancy

Elbow venous blood was extracted from all the subjects in a fasting state with a vacuum blood tube before 9:00 in the morning, centrifuged at 3,010 × g for 5 min at 4°C, and then placed in a cryogenic refrigerator at 4°C for use. The experimental procedure was based on ELISA detection kit instructions related to TGF-β1, serum β-HCG, progesterone and estrogen during pregnancy. A sample well to be tested, a standard well and a blank well were set. A total of 100 µl of sample diluent was added to the blank well, 100 µl of sample to be tested or standard sample added to remaining wells, mixed well and sealed with a microplate sealer, prior to incubatoin at 37°C for 30 min. The microplate sealer was carefully removed, with the liquid discarded, and dried. Each well was filled with washing solution, discarded after standing for 30 sec, repeating 5 times and pat dried. A total of 50 µl of the enzyme-labeled reagent was added to each well except for the blank well, washed again after incubation at 37°C for 30 min. The developer was added to each well, mixed well, coloring at 37°C for 15 min in the dark. A total of 50 µl of stop solution was added to each well. The OD value of each well was measured immediately at a wavelength of 450 nm using an enzyme microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The concentrations of TGF-β1, serum β-HCG, progesterone and estrogen during pregnancy were calculated.

### RT-qPCR detection of miR-99a

The TRIzol method was used to extract total RNA from blood serum which was then stored in a refrigerator at −80°C until use. The total RNA was reverse-transcribed using Reverse Transcription kit. The reaction system was: 1 µl of M-MLV, 1 µl of Olig (dT), 0.5 µl of RNase inhibitor, 1 µl of dNTPs, RNAse-free water added to 15 µl. Incubation was performed at 38°C for 60 min, and 1 µl of cDNA was taken at 85°C for 5 sec, stored at 4°C. RT-qPCR was used to detect the level of miR-99a in the serum, with its operations referring to the miR-99a SYBR-Green PCR kit protocol (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The reaction procedure was: at 95°C for 1 min, at 95°C for 15 sec, and at 60°C for 20 sec, for a total of 39 cycles. Three replicate wells were set up for each sample. This experiment was repeated 3 times, with U6 as an internal control. All reactions were run 3 times, with U6 as a control. The 2^−ΔCq^ method was used to calculate the expression of mir-99a ([@b12-etm-0-0-7477]).

### Statistical analysis

SPSS 17.0 (Asia Analytics Formerly SPSS China) statistical analysis software was used to analyze the experimental data. The t-test was used for the comparison of mean between two groups, and partial correlation analysis for the correlation. P\<0.05 indicates the data difference is statistically significant.

Results
=======

### Comparison of levels of β-HCG, progesterone and estrogen between the study and control group

The expression of β-HCG in the study group and the control group was (4802.00±1694.00) mU/l and (10315.00±3999.00) mU/l, respectively, and that of β-HCG was significantly lower in the study group than that in the control group, with a statistically significant difference (P\<0.01). Expression of progesterone in the study group and the control group was (30.19±10.57) nmol/l and (108.60±40.60) nmol/l, respectively, and that of progesterone was significantly lower in the study group than that in the control group, with a statistically significant difference (P\<0.01). Expression of estrogen in the study group and the control group was (96.33±10.76) nmol/l and (289.14±20.16) nmol/l, respectively, and that of estrogen was significantly lower in the study group than that in the control group, with a statistically significant difference (P\<0.01) ([Table II](#tII-etm-0-0-7477){ref-type="table"}).

### Difference in expression of TGF-β1 and miR-99a between the two groups

The expression of TGF-β1 in the study group and the control group was (20.45±10.78) ng/l and (96.01±11.59) ng/l, respectively, and that of TGF-β1 was significantly lower in the study group than that in the control group, with a statistically significant difference (P\<0.001). Expression of miR-99a in the study group and the control group was (1.71±0.15) and (0.70±0.03), respectively, and that of miR-99a was significantly higher in the study group than that in the control group, with a statistically significant difference (P\<0.001) ([Table III](#tIII-etm-0-0-7477){ref-type="table"}).

Correlation of TGF-β1 and miR-99a with levels of serum β-HCG, progesterone and estrogen in study group of patients
------------------------------------------------------------------------------------------------------------------

### Correlation of TGF-β1 with levels of serum β-HCG, progesterone and estrogen in the study group of patients

The results of partial correlation analysis showed that the expression of TGF-β1 was positively correlated with that of β-HCG in the serum of pregnant women with early spontaneous abortion (r=0.944, P\<0.001). Expression of TGF-β1 was positively correlated with that of progesterone in the serum of pregnant women with early spontaneous abortion (r=0.868, P\<0.001). TGF-β1 was positively correlated with that of estrogen in the serum of pregnant women with early spontaneous abortion (r=0.869, P\<0.001) ([Fig. 1](#f1-etm-0-0-7477){ref-type="fig"}).

### Correlation of miR-99a with levels of serum β-HCG, progesterone and estrogen in the study group of patients

The results of partial correlation analysis showed that the expression of miR-99a was negatively correlated with that of β-HCG in the serum of pregnant women with early spontaneous abortion (r=−0.944, P\<0.001). Eexpression of miR-99a was negatively correlated with that of progesterone in the serum of pregnant women with early spontaneous abortion (r=−0.892, P\<0.001), and that of miR-99a was negatively correlated with that of estrogen in the serum of pregnant women with early spontaneous abortion (r=−0.891, P\<0.001) ([Fig. 2](#f2-etm-0-0-7477){ref-type="fig"}).

Discussion
==========

The main reasons of abortion in early pregnancy are the lack of nutrition provided by the mother causes the fetal development in the uterus to cease, or the abdomen of the pregnant woman is squeezed and injured, causing the fetal position to be unstable or the development of the fetus itself is unhealthy. In addition to the mothers nutritional supply to the fetus and external physical factors, the chromosome of the mother to the fetus and endocrine imbalance are also main reasons of spontaneous abortion in early pregnancy ([@b13-etm-0-0-7477],[@b14-etm-0-0-7477]). Synthesizing and secreting endocrine hormones and different hormones to enter the blood, endocrine cells have different effects on different tissue cell metabolism of the human body, producing different physiological activities ([@b15-etm-0-0-7477]). The important hormones during pregnancy are β-HCG, progesterone and estrogen, which have important effects on physiological activities in pregnant women and the fetus ([@b16-etm-0-0-7477]). β-HCG is a glycoprotein that has a great influence on maintaining the stability of the uterine environment ([@b17-etm-0-0-7477]). Estrogen prepares the implantation of the embryo in the uterus ([@b18-etm-0-0-7477]). On the basis of estrogenic effects during pregnancy, progesterone keeps the fertilized egg implanted in the uterus and maintains a smooth pregnancy ([@b19-etm-0-0-7477]). The detection of β-HCG, progesterone and estrogen is important for the diagnosis of early pregnancy. Studies have shown that TGF-β1 and miR-99a are associated with changes in pathological phenomena of pregnancy and hormone levels during pregnancy. TGF-β1 expression is low in the serum of pregnant womens peripheral blood, and the elevated expression level of miR-99a will inhibit hormone expression levels during pregnancy ([@b16-etm-0-0-7477],[@b20-etm-0-0-7477]). In this study, the expression of TGF-β1 and miR-99a in early spontaneous abortion and the correlation with the levels of serum β-HCG, progesterone and estrogen during pregnancy were investigated.

First, the levels of β-HCG, progesterone and estrogen were detected using ELISA. The results showed that the expression was significantly lower in the study group than in the control group, with a statistically significant difference (P\<0.001). It is speculated that hormone levels during pregnancy in patients with early pregnancy abortion are significantly lower than those in normal pregnancy. In addition, a large number of clinical studies show that hormone levels during pregnancy in normal pregnancy are significantly higher than those in patients with early pregnancy abortion, consistent with our findings ([@b21-etm-0-0-7477]). Next, ELISA and qRT-PCR were used to detect TGF-β1 and miR-99a, respectively, in the serum of included patients with early spontaneous abortion. The results showed that the expression of TGF-β1 was significantly lower in the study group than that in the control group, with a statistically significant difference (P\<0.001), that of miR-99a was significantly higher in the study group than that in the control group, with a statistically significant difference (P\<0.001). This is similar to the findings of Turcatel *et al* ([@b22-etm-0-0-7477]). qRT-PCR was used by them to detect TGF-β1 and miR-99a in the serum of patients with abortion. It is found that the expression of TGF-β1 in the serum of patients with abortion is significantly lower than that of normal pregnant women, while that of miR-99a in the serum of patients with abortion is significantly higher than that of normal pregnant women, with statistically significant difference (all P\<0.05). Finally, the correlation of TGF-β1 and miR-99a in the serum with the levels of β-HCG, progesterone and estrogen was analyzed in patients with early spontaneous abortion. The results showed that TGF-β1 was positively correlated with the levels of β-HCG, progesterone and estrogen in the serum of patients (r=0.944, 0.868, 0.869, P\<0.001), but that of miR-99a was negatively correlated with them (r=−0.944, −0.892, −0.891, all P\<0.001). In the detection of hormone levels during pregnancy in patients with abortion, Dong *et al* ([@b23-etm-0-0-7477]) found that TGF-β1 and miR-99a in the serum of patients are closely related to hormone levels during pregnancy. In addition, TGF-β1 in the serum of patients is positively correlated with hormone levels during pregnancy, while that of miR-99a is negatively correlated.

In this study, the number of subjects included was small, which may cause some contingency on the experimental results.

In summary, miR-99a is highly expressed in the serum of patients with early spontaneous abortion, but TGF-β1 expression is low. The expression levels of the two factors are related to hormone levels during pregnancy. By monitoring the expression levels of miR-99a and TGF-β1 in the serum of pregnant women, according to the correlation the hormones during pregnancy, the concentration in the serum of their peripheral blood can be adjusted. Compared with monitoring hormone levels during pregnancy, this adjustment is more convenient and intuitive. miR-99a and TGF-β1 are expected to be new candidate molecular diagnostic markers in the diagnosis of early spontaneous abortion.
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###### 

Primers for miR-99a and its internal reference U6.

  Group       Upstream primer sequence             Downstream primer sequence
  ----------- ------------------------------------ ------------------------------
  *miR-99a*   5′-ACACTCCAGCTGGGAACCCGTAGATCCG-3′   5′-GGTGTCGTGCAGTCG-3′
  *U6*        5′-CTCGCTTCGGCAGCACATATACT-3′        5′-ACGCTTCACGAATTTGCGTGTC-3′

###### 

Comparison of levels of β-HCG, progesterone and estrogen and body mass index between the study and control groups.

  Group                   Study group (n=70)   Control group (n=83)   t        P-value
  ----------------------- -------------------- ---------------------- -------- ---------
  β-HCG (mU/l)            4802.00±1694.00      10315.00±3999.00       10.750   \<0.001
  Progesterone (nmol/l)   30.19±10.57          108.60±40.60           15.710   \<0.001
  Estrogen (ng/l)         96.33±10.76          289.14±20.16           71.830   \<0.001

###### 

Difference in expression of TGF-β1 and miR-99a in the study and control groups.

  Factor          Study group (n=70)   Control group (n=8)   t        P-value
  --------------- -------------------- --------------------- -------- ---------
  TGF-β1 (ng/l)   20.45±10.78          96.01±11.59           41.470   \<0.001
  miR-99a         1.71±0.15            0.70±0.03             59.970   \<0.001
